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* NOTICES * 




iTPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 

2 **** s hows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 
[Claim 1] 

In the plasma equipment of the inductive-coupling method by high frequency discharge, 

It is the antenna to which high-frequency power is supplied, and has the antenna which carries out termination 

without covering a front face with an insulator and going a vacuum housing around, and consists of a linear or 

tabular conductor of the RF concerned shorter than four waves of die length 1/in two or more and a vacuum 

housing. 

Plasma equipment characterized by things. 
[Claim 2] 

In the plasma equipment of the inductive-coupling method by high frequency discharge, 

Two or more antennas to which high-frequency power is supplied are formed in a vacuum housing, 

Each divides two or more antennas of a book into said two or more groups who consist of 1 or two or more 

antennas, 

The RF generator corresponding to said group's each is prepared, 

In said group's each, high-frequency power is supplied to juxtaposition from the RF generator prepared in each 
of 1 belonging to groups involved, or two or more antennas corresponding to groups involved. 
Plasma equipment characterized by things. 
[Claim 3] 

tabular [ with which the high-frequency power to each of said 1 or two or more antennas which correspond 
from each of said RF generator was formed in the exterior of said vacuum housing / of one sheet ] — it supplies 
with a conductor — having 

tabular [ said ] — it is made for a conductor to become shorter than the die length whose distance with each of 
each, the point concerned supplying [ RF ], 1 corresponding, or two or more antennas is the 1/4 wave of a RF 
Plasma equipment according to claim 2 characterized by things. 
[Claim 4] 

Termination of each of said antenna which are books is carried out without covering a front face with an 
insulator and going around, and it consists of a linear or tabular conductor of a RF shorter than four waves of 
die length 1/. 

Plasma equipment according to claim 2 characterized by things. 
[Claim 5] 

The phase detector which is formed corresponding to each of said RF generator, and detects the phase of the RF 
supplied from a corresponding RF generator, 

it is based on the result of the detection from each of said phase detector, and has the phase adjuster which 
adjusts the phase contrast of the RF between each of said RF generator 
Plasma equipment according to claim 2 characterized by things. 
[Claim 6] 

In the plasma-control approach in the plasma equipment of the inductive-coupling method by high frequency 
discharge equipped with the antenna formed in the vacuum housing, 

From each of the RF generator prepared so that it might correspond to each of two or more groups which each 
becomes from 1 or two or more antennas, power is supplied to juxtaposition at each of 1 or two or more 
antennas concerned, 
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By adjusting the high-freqf^fey power supplied from each of said RF^Iferator, the homogeneity of the plasma 

formed in said vacuum housing is controlled. 

The plasma-control approach characterized by things. 

[Claim 7] 

The plasma state is controlled by changing the die length of the conductor in said vacuum housing of said 
antenna. 

The plasma-control approach according to claim 6 characterized by things. 
[Claim 8] 

The plasma state is controlled by adjusting the phase contrast of the RF supplied from each of two or more of 
said RF generators. 

The plasma-control approach according to claim 7 characterized by things. 
[Claim 9] 

Using the plasma generated using plasma equipment according to claim 1 or 2, using the plasma generated 
using the plasma-control approach according to claim 6, the thin film was formed or etching processing was 
performed. 

The plasma treatment base characterized by things. 
[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] 

About plasma equipment, the plasma-control approach, and a plasma treatment base, especially this invention 
supplies the high frequency current to an antenna, generates high frequency electric field, generates the plasma 
by the electric field, and relates to the plasma equipment, the plasma-control approach, and plasma treatment 
base of the inductive-coupling method which carries out surface treatment, such as etching and thin film 
formation, to stability in the substrate side of a large area. 
[0002] 

[Description of the Prior Art] 

In the field of the processor using the plasma of the dry etching system used by the production process of a 
semiconductor device or a liquid crystal display, an ashing device, plasma-CVD equipment, etc., etc., diameter- 
ization of macrostomia is demanded also for the source of the plasma of a processor with enlargement of a 
processing substrate in recent years. Moreover, on the other hand, in order to secure an etching rate, a 
membrane formation rate, and a throughput, the densification of the plasma under a high vacuum is demanded. 
[0003] 

Among these, in order to promote the excitation efficiency of the plasma about the densification of the plasma, 
the method of using a RF and generating inductively coupled plasma (Inductively Coupled Plasma, Following 
ICP and an abbreviated name) is adopted. ICP can make the coil for antenna excitation mainly able to generate 
induction field for the high frequency current in a vacuum by the sink and this, can generate the plasma, and can 
generate the high density plasma to homogeneity under a high vacuum. 
[0004] 

however, in the inductive-coupling mold plasma generator which installs a RF antenna in the wall surface by 
the side of the insulator septum of the conventional vacuum housing, or the atmospheric air of a top plate The 
thickness of an insulator must be sharply increased as the path of a discharge room becomes large. Moreover, 
since only the induction field component emitted to the field side which touches the insulator septum or top 
plate of a vacuum housing among the induction fields emitted from an antenna was used for maintaining a 
discharge, there was a problem that the use effectiveness of the high-frequency power switched on was bad. 
[0005] 

Then, previously, this invention person is plasma equipment of the inductive-coupling method by high 
frequency discharge, and he has proposed the technique of dividing and forming the antenna concerned in two 
or more small antennas while he forms an antenna in a vacuum housing (JP,2001-35697,A). According to this, 
by using an internal antenna, it enabled it to use effectively all the induction fields emitted from an antenna, and 
the need using the septum and top plate of an insulator is abolished. Furthermore, although an internal antenna 
will tend to produce abnormality discharge if a big electrical potential difference is impressed, by dividing an 
antenna, it makes the inductance of each antenna small and makes it the structure which an antenna does not go 
around at least. Thereby, the diameter plasma of macrostomia of high density can be acquired, without being 
restricted to the configuration, aperture, and die length of a discharge room. 
[0006] 

[Problem(s) to be Solved by the Invention] 

By the way, if it thinks from the field of the practical use to a solar battery or a flat-surface display, the thin film 
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of the large area of 1 meter xl meter magnitude will be about required^^igher crystallinity, higher 
homogeneity, and generating by high-speed membrane formation nature more. In this case, the source of the 
plasma is required to be the low voltage force much more, a high-density thing, to be low electron temperature, 
and to be a large area. 
[0007] 

This invention aims at offering the plasma equipment of the inductive-coupling method which can generate the 

plasma of a large area to stability. 

[0008] 

Moreover, this invention aims at offering the plasma-control approach of the inductive-coupling method which 

can generate the plasma of a large area to stability. 

[0009] 

Moreover, this invention aims at offering the plasma treatment base manufactured by the plasma equipment or 
the plasma-control approach of an inductive-coupling method which can generate the plasma of a large area to 
stability. 
[0010] 

[Means for Solving the Problem] 

In the plasma equipment of the inductive-coupling method by high frequency discharge, the plasma equipment 
of this invention is an antenna to which high-frequency power is supplied, and is equipped with the antenna 
which carries out termination without covering a front face with an insulator and going a vacuum housing 
around, and consists of a linear or tabular conductor of the RF concerned shorter than four waves of die length 
1/in two or more and a vacuum housing. 
[0011] 

The plasma equipment of this invention supplies high-frequency power to juxtaposition in the plasma 
equipment of the inductive-coupling method by high frequency discharge from the RF generator which formed 
two or more antennas to which high-frequency power is supplied in the vacuum housing, divided two or more 
antennas into two or more groups which each becomes from 1 or two or more antennas, prepared the RF 
generator corresponding to a group's each, and was prepared in each of 1 which belongs to groups involved in a 
group's each, or two or more antennas corresponding to groups involved. 
[0012] 

moreover, tabular [ with which the high-frequency power to each of 1 or two or more antennas which 
correspond from each of an RF generator was preferably formed in the exterior of a vacuum housing in the 
plasma equipment of this invention / of one sheet ] — it supplies with a conductor — having — tabular — it is 
made for a conductor to become shorter than the die length whose distance with each of each, the point 
concerned supplying [ RF ], 1 corresponding, or two or more antennas is the 1/4 wave of a RF 
[0013] 

Moreover, preferably, in the plasma equipment of this invention, termination of each of two or more antennas is 
carried out without covering a front face with an insulator and going around, and it consists of a linear or tabular 
conductor of a RF shorter than four waves of die length 1/. 
[0014] 

moreover, the plasma equipment of this invention is preferably equipped with the phase adjuster which is based 
on the result of the detection from each of the phase detector which detects the phase of the RF supplied from 
the RF generator which prepares and corresponds corresponding to each of an RF generator, and a phase 
detector, and adjusts the phase contrast of the RF between each of an RF generator. 
[0015] 

The plasma-control approach of this invention controls the homogeneity of the plasma which forms in a 
vacuum housing by adjusting the high-frequency power which supplies power to juxtaposition at each of 1 or 
two or more antennas concerned from each of the RF generator prepared so that it might correspond to each of 
two or more groups which each becomes from 1 or two or more antennas, and is supplied from each of an RF 
generator in the plasma-control approach in the plasma equipment of the inductive-coupling method by high 
frequency discharge equipped with the antenna formed in the vacuum housing. 
[0016] 

Moreover, the plasma state is controlled by setting to the plasma-control approach of this invention, and 
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changing the die length o^^conductor in the vacuum housing of anf^^ina preferably. 
[0017] 

Moreover, the plasma state is controlled by adjusting preferably the phase contrast of the RF supplied from each 

of two or more RF generators in the plasma-control approach of this invention. 

[0018] 

Using the plasma which generated the plasma treatment base of this invention using the above plasma 
equipments, using the plasma generated using the above plasma-control approaches, a thin film is formed or 
etching processing is performed. 
[0019] 

[Embodiment of the Invention] 

drawing 1 thru/or drawing 3 — a plasma equipment configuration Fig. — it is — drawing 1 — the configuration of 
the cross section of the plasma equipment of this invention — being shown — drawing 2 ~ some plasma 
equipments of this invention — the configuration of a cross section is shown and drawing 3 shows the outline of 
the configuration of the flat surface of the plasma equipment of this invention. 
[0020] 

As shown in drawing 3 , as for the plasma equipment of this invention, a flat-surface configuration is equipped 
with the rectangular (rectangle) vacuum chamber (a vacuum housing or process chamber) 1 . For example, a 
rectangular long side is 910mm (millimeter), and a shorter side is 780mm. In addition, height is 366mm and the 
vacuum chamber 1 is a rectangular parallelepiped mostly. 
[0021] 

From each of the side attachment wall 12 of the vacuum chamber 1, as shown in drawing 1 and drawing 3 , the 
antenna 5 is introduced into the interior through the introductory flange 51.14 antennas 5 are introduced in 3 
and the sum total from 4 and two shorter sides from two long sides of the rectangular vacuum chamber 1 . In an 
antenna 5, although the part exposed to a vacuum inside the vacuum chamber 1 does not carry out especially 
illustration, the front face is covered with an insulator. About this structure, insulator, etc., it is detailed to 
JP,200 1-35697, A. 
[0022] 

As shown in drawing 3 , each antenna 5 is a rectangle-like (or the shape of horseshoe-shaped or U character), 
goes around and carries out termination of the interior of the vacuum chamber 1, and consists of a small loop 
antenna which consists of a linear or tabular conductor shorter than the with a 1/4 wave die length of the RF 
impressed to this. Since the antenna 5 which does not go around can reduce the inductance sharply, it can 
control increase of the high-frequency voltage accompanying increase of high-frequency power. Moreover, 
since it is made shorter than the with a 1/4 wave die length of the RF concerned, it can prevent that a standing 
wave arises and can prevent that the homogeneity of the plasma is spoiled by the standing wave. 
[0023] 

Moreover, as shown in drawing 3 , one high frequency (RF) power source 7 for plasma generating (excitation) 
is established every (every side) side attachment wall 12 of the vacuum chamber 1, and is established four sets 
in total. The frequency of the RF which RF generator 7 outputs is 13.56MHz. From each RF generator 7, high- 
frequency power (current) is supplied to juxtaposition through the corresponding impedance matching box 6 to 
3 or four corresponding antennas 5. Under the present circumstances, it is necessary to make it, as for branching 
to each antenna [ impedance matching box / 6 ] 5, an impedance (for it to be especially resistance and an 
inductance) become small as much as possible. 
[0024] 

for this reason — connection with the antenna 5 which corresponds to drawing 2 with RF generator 7 so that it 
may be shown — tabular [ of the rectangle of one sheet with fully wide width of face ] — a conductor 52 is used, 
tabular ~ a conductor 52 is formed so that the side attachment wall 12 of each and the vacuum chamber 1 may 
be met, for example, it consists of a copper plate, tabular — the width of face W of a conductor 52 is adjusted so 
that the distance (a dotted line shows to drawing 2 ) of the RF feeding point from an impedance matching box 6 
and each antenna 5 (power branch point) may become shorter than the quarter-wave length of the RF 
concerned, for example, tabular — the width of face W of a conductor 52 is 1 10mm, and die length (direction 
perpendicular to width of face W) is 650mm in a 850mm and **** side at a long side side. 
[0025] 

http://www4.ipdl.ncipi.go.jp/cgi-bin/tran_web_cgi_ejje 6/16/2005 



JP,2004-039719,A [DETAILED DESCRIPTION] 



Page 4 of 8 



In addition, in drawing 2 a circle [ white ] shows the end (input ^^^) and the other end (termination) of 

an antenna 5. The side which the dotted line which shows said distance has reached is an input edge, and 
another side is termination. For example, the distance of the input edge of one antenna 5 and termination is 
150mm, and the distance of the adjoining antenna 5 is 100mm. 
[0026] 

High-frequency power is supplied to the end (input edge) of each antenna 5 from RF generator 7 in this way. 
The other end (termination) of each antenna 5 is connected to the side attachment wall 12 of the vacuum 
chamber 1 . Thereby, since the side attachment wall 12 of the vacuum chamber 1 is grounded, the other end of 
each antenna 5 is grounded. In addition, you may make it insert the immobilization or the adjustable blocking 
capacitor (for example, electrostatic capacity of 400pF) which makes input one end of an antenna 5 float from 
touch-down (floating). 
[0027] 

In addition, one power supply unit consists of RF generators 7 (and tabular conductor) of 6 or 1 impedance 
matching box of two or more 5 or 1 antenna. Therefore, one power supply unit is prepared every side 
attachment wall 12 of the vacuum chamber 1 . However, you may make it prepare a power supply unit in the 
long side of the rectangular vacuum chamber 1 for example, at two pieces and one shorter side, without being 
restricted to this. Moreover, these numbers may be increased if needed. 
[0028] 

As shown in drawing 1 , the substrate electrode holder 4 with which the port 3 for exhaust air for performing 
the exhaust air in the vacuum chamber 1 and the heater for substrate heating (not shown) were embedded is 
formed in the lower part of the vacuum chamber 1 . Thereby, if the processing base (substrate) 20 is installed on 
the substrate electrode holder 4, plasma treatment can be performed, heating the processing substrate 20. The 
processing substrate 20 consists of various kinds of plastics or glass which fitted processing of a large area at 
low temperature. On the processing substrate 20, various thin films are formed using the plasma generated using 
the plasma equipment or the plasma-control approach of this invention, or etching processing is performed. 
Thereby, when various devices are formed using this, good electrical characteristics can be acquired. 
[0029] 

After generation of the plasma exhausts the vacuum chamber 1 from the port 3 for exhaust air to a 
predetermined degree of vacuum (for example, 1x10 to 4 Pa), it introduces the gas according to the purpose into 
the vacuum chamber 1 from the gas installation pipe 2, supplies high-frequency power to each antenna 5 from 
each RF generator 7 after that, and generates the plasma. About generation of the plasma by the RF electric 
supply to two or more antennas 5, it is detailed to JP,2001-35697,A. 
[0030] 

In drawing 1 thru/or the plasma equipment of drawing 3 , when drawing 4 generates the argon (Ar) plasma (Ar 
quantity of gas flow: 50ccm, gas pressure: 1 .33Pa), it shows the result measured using the Langmuir probe 
method about the plasma state of the core (it is the location of 160mm to the vertical bottom from the wall of a 
top plate (head lining) 1 1) of the vacuum chamber 1 . The langmuir probe was introduced using the introductory 
flange (not shown) prepared in the vacuum chamber 1 , and measured the plasma state. 
[0031] 

Setting to drawing 4 (A), an axis of ordinate is the plasma potential **** and (bolt;V) the floating potential Vf. 
It is (V) and an axis of abscissa is high-frequency power RFpower (watt;W). As shown in drawing 4 (A), it is 
the plasma potential *♦**. And floating potential Vf High-frequency power RFpower supplied to the antenna 5 
A downward tendency is shown according to an increment. Setting to drawin g 4 (B), an axis of ordinate is 
plasma ion density nickel. And electron density Ne and (cm-1) electron temperature Te It is (eV) and an axis of 
abscissa is high-frequency power RFpower. It is (W). As shown in drawing 4 (B), it is plasma ion density 
nickel. And electron temperature Ne High-frequency power RFpower It depends and the increasing inclination 
is seen. 
[0032] 

Thus, it is in parallel with the antenna 5 which a large number do not go around, and the plasma of low plasma 
potential can be generated by the high density suitable for various kinds of plasma processes by supplying high- 
frequency power. 
[0033] 
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Drawing 5 is the same conc^^ns as drawing 4 , and shows the result c^lfcilarly having measured the plasma 
homogeneity in the vacuum chamber 1 (it being the location of 195mm to the vertical bottom from the wall of a 
top plate 11) using the Langmuir probe method. 
[0034] 

The ion saturation current consistency (muA/cm2) obtained by the Langmuir probe method estimated plasma 
homogeneity. An ion saturation current consistency is a value equivalent to ion density. Drawing 5 shows the 
ion saturation current consistency of the plasma at the time of seeing the rectangular vacuum chamber 1 like 
drawing 3 . In drawing 5 In addition, **1 **2 In order that A and B, etc. may make the dependency to the 
location of the plasma intelligible, it is the imagination grid shown in reference. 
[0035] 

the high-frequency power 1000 same from each of the RF (RF) power sources 7A, 7B, 7C, and 7D arranged on 
each side attachment wall 12 of the vacuum chamber 1 at drawing 5 (A) — the ion saturation current density 
distribution at the time of supplying every [ W ] is shown. In drawing 5 (A), the consistency of the antenna 5 
neighborhood in the side attachment wall 12 of RF generators 7B and 7D with which three antennas 5 have 
been arranged is high, and it turns out that it is distribution (the center section became depressed) of an about U 
character mold. 
[0036] 

On the other hand, drawing 5 (B) shows the ion saturation current density distribution at the time of setting to 
700W high-frequency power which switches on the high-frequency power switched on from RF generators 7A 
and 7C by which four antennas 5 have been arranged from RF generators 7B and 7D by which 1300W and three 
antennas 5 have been arranged. In drawing 5 R> 5 (B), compared with drawing 5 (A) shown previously, 
distribution of current density decreases and it turns out that it is the density distribution of the shape of a 
rectangle similar to the configuration of the vacuum chamber 1 . And grid **2 - **4 And the field (for example, 
field of the central part of a base 20) of grid B-D can be made into the almost uniform plasma state. 
[0037] 

Thus, the homogeneity of the plasma is controllable by adjusting the high-frequency power switched on for 
every power supply unit. Moreover, the homogeneity of the plasma is realizable by adjusting so that the high- 
frequency power to the long side of the rectangular vacuum chamber 1 may become larger than that of a shorter 
side. 
[0038] 

Drawing 6 shows the configuration of plasma equipment equipped with the function to adjust further the phase 
contrast of the RF sent from RF generator 7 for every power supply unit, in drawing 1 thru/or the plasma 
equipment of drawing 3 . 
[0039] 

With the plasma equipment shown in drawing 6 , the wave detector (or phase detector) 8 is formed in each 
output side of the impedance matching box 6 arranged on the side attachment wall 12 of each vacuum chamber 
1 . The wave detector 8 incorporates the wave of the RF supplied to an antenna 5 at any time, and sends the 
wave signal to a phase adjuster 9. A phase adjuster 9 detects phase contrast with each correspondence 

from t he incorporated wave signal, A phase control signal is sent to each RF generator 7 so 
that it may become the phase contrast set up beforehand based on the result. The phase contrast detected is the 
phase contrast of RF generator 7 A and RF generator 7B, the phase contrast of RF generator 7B and RF 
generator 7C, and the phase contrast of RF generator 7C and RF generator 7D, when based on RF generator 7A. 
And according to each phase control signal, each RF generator 7 adjusts the phase of the RF to output, and 
carries out an oscillation output. Thereby, the phase contrast between each RF generator 7 is controllable. 
[0040] 

drawing 7 shows change of the plasma consistency in the argon plasma (quantity of gas flow: 50ccm, gas 
pressure: 1 .33Pa, RFpower =1000Wx4=4000W) when changing the phase contrast between each of RF 
generator 7 in the plasma equipment of drawing 6 . 
[0041] 

In drawing 7 , an axis of ordinate is the electron density Ne (cm-3) of the plasma, and an axis of abscissa is the 
phase contrast (degree) of a RF. In addition, when phase contrast was 90 degrees and it is based on RF 
generator 7 A, the phase contrast of RF generators 7 A and 7B, the phase contrast of RF generators 7B and 7C, 
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and the phase contrast (th^^re, phase contrast of RF generators 7D ^^A) of RF generators 7C and 7D are 
90 degrees respectively. As shown in drawing 7 , by changing phase contrast shows that a plasma consistency 
increases. It is thought that this originates in the thing with little interference between each RF for which power 
is efficiently supplied to the plasma when the phase contrast between the antennas 5 of each side becomes large. 
Moreover, when the phase between each side attachment wall 12 of the vacuum chamber 1 has shifted, it is 
thought that the electronic acceleration between the antennas 5 in each side attachment wall 12 arises, 
consequently it is thought that a plasma consistency increases. And in the case of the rectangular vacuum 
chamber 1, it is thought that the phase contrast between four RF generators prepared in each wall surface 12 is 
desirable 90 degrees. The electronic acceleration between the antennas 5 in such each side attachment wall 12 
changes with factors with various sizes of the configuration of an antenna 5, the distance between antennas 5, 
gas pressure, and the vacuum chamber 1 etc. Therefore, since it is thought that the optimal phase contrast exists 
each time, it adjusts so that it may become the optimal phase contrast concerned. 
[0042] 

Drawing 8 and drawing 9 show the outline of the configuration of the plasma equipment at the time of changing 
the configuration (lay length in alignment with the side attachment wall 12 of the vacuum chamber 1) of an 
antenna 5 in drawing 1 thru/or the plasma equipment of drawing 3 . In addition, in drawing 8 and drawing 9 , 
the expedient top of illustration and the substrate electrode holder 4 are omitted, and a dotted line shows the 
processing base 20. 
[0043] 

Drawing 8 (A) is an antenna 5 respectively from the side attachment wall 12 of each vacuum chamber 1, 3 or 4 
It is the example introduced a total of 14 (equivalent to drawing 1 thru/or drawing 3 ). Moreover, drawing 8 (B) 
is the example which introduced a total of eight of two antennas 5 which lengthened side-attachment-wall 12 
lay length of the vacuum chamber 1 of an antenna 5 from each of a side attachment wall 12. Drawing 9 shows 
the example which introduced a total of four of one antenna 5 with the still larger side-attachment- wall 12 lay 
length of the vacuum chamber 1 from each of a side attachment wall 12. Thus, if the die length of an antenna 5 
is enlarged, the inductance of antenna 5 the very thing will become large. Moreover, when the number of the 
antenna 5 connected to juxtaposition becomes fewer, the high-frequency power supplied to per one becomes 
large, therefore, the conductor in the vacuum chamber 1 of an antenna 5 — the condition of the plasma is 
controllable by adjusting the die length of a part. 
[0044] 

Drawing 10 shows change of the amplitude (this is the central value showing extent [ plasma ] of fluctuation) of 
the plasma potential at the time of generating Ar plasma (quantity of gas flow: 50ccm, gas pressure: 1.33Pa, 
RFpower =1 000x4=4000 W) in the case of the configuration of the antennas 5 of drawing 8 and drawing 9 , and 
floating potential. 
[0045] 

In drawing 10 , an axis of ordinate is the amplitude (V) of plasma potential and floating potential, and an axis of 
abscissa is an antenna configuration. In addition, in an antenna configuration, Antenna A is the antenna 
configuration of drawing 8 (A), Antenna B is the antenna configuration of drawing 8 (B), and Antenna C is the 
antenna configuration of drawing 9 . In drawing 10 , the case where side-attachment-wall 12 lay length of the 
vacuum chamber 1 of an antenna 5 is enlarged is known by that the amplitude of plasma potential and floating 
potential becomes large. Moreover, the inclination for the die length of an antenna 5 to become large, so that a 
plasma consistency also becomes large was seen at this time. 
[0046] 

When the inductance of an antenna 5 increases change of the plasma state accompanying the configuration of 
such an antenna 5 with the increment in antenna 5 die length and electric power is supplied in high-frequency 
power, it is thought that it originates in the potential generated at an antenna 5 having become large, 
consequently it is thought that the amplitude of plasma potential or floating potential became large. Plasma 
potential becomes large and, especially as for the plasma equipment with the configuration of an antenna 5 like 
Antenna C ( drawing 9 ), the amplitude of floating potential becomes large. For this reason, although we are 
anxious about the ion damage in a plasma process, it is effective when, generating the high gas plasma of 
ionization energy, such as hydrogen and helium, on the other hand. Thus, the configuration of an antenna 5 can 
be changed in accordance with the purpose and type of gas of plasma production, and the plasma state can be 
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controlled by the plasma equipment of this invention. 
[0047] 

As mentioned above, although the mode of the operation explained this invention, various deformation is 

possible for this invention within the limits of the main point. 

[0048] 

For example, the flat-surface configuration of the vacuum chamber 1 may not be a rectangle, and may be 
circular. In this case, respectively, two or more antennas 5 are the radii (it shall dissociate and insulate mutually) 
carried out n division into equal parts, and let a concentric circle smaller than the inner circumference of the 
circular vacuum chamber 1 be the radii of the RF concerned shorter 1/than four waves of die length. Moreover, 
two or more RF generators 7 are formed. 
[0049] 

Furthermore, as m RF generators 7 are formed, you may control to shift a sequential phase so that the vacuum 
chamber 1 may be carried out 1 round and 360 degrees of phases may shift. In this case, m should just be the 
divisor (10 for example, 2-6, 8- 12) of 360 (degree). 
[0050] 

Moreover, you may make it introduce two or more antennas 5 from the top plate 1 1 of the vacuum chamber 1 
not only in addition to the side attachment wall 12 of the vacuum chamber 1 but this. In this case, one or more 
RF generators 7 to two or more antennas 5 introduced from the top plate 1 1 are formed. 
[0051] 

Moreover, in drawing 1 thru/or drawing 3 , and the plasma equipment of drawing 6 , the uniformity of a plasma 
consistency can be further raised by adding suitable field generating means, such as attaching the permanent 
magnet of a multi-cusp mold in accordance with the outer wall of the side attachment wall 12 of the vacuum 
chamber 1 . 
[0052] 

[Effect of the Invention] 

Since according to this invention termination of the antenna is gone around and carried out and it is made 
shorter than the with a 1/4 wave die length of the RF concerned in plasma equipment as explained above, the 
inductance of an antenna can be reduced sharply, and increase of high-frequency voltage can be controlled, and 
it can prevent that prevent generating of a standing wave and the homogeneity of the plasma is spoiled, and the 
good plasma can be acquired. 
[0053] 

Moreover, since according to this invention high-frequency power is supplied to juxtaposition and controlled at 
two or more antennas in plasma equipment from the RF generator prepared for every power supply unit, it is 
high-density and the plasma of low plasma potential can be mostly generated to homogeneity. 
[0054] 

Moreover, since according to this invention high-frequency power is supplied to juxtaposition and controlled at 
two or more antennas in the plasma-control approach from the RF generator prepared for every power supply 
unit, it is high-density and the plasma of low plasma potential can be mostly generated to homogeneity. 
[0055] 

Moreover, since according to this invention a thin film is formed in a plasma treatment base using the plasma 
generated using the above plasma equipments or the plasma-control approach or etching processing is 
performed, when this is used, good electrical characteristics can be acquired. 
[Brief Description of the Drawings] 

[Drawing 1] It is the plasma equipment configuration Fig. of this invention, and the cross-section structure is 
shown. 

[Drawing 2] the plasma equipment configuration Fig. of this invention — it is — the part — cross-section 
structure is shown. 

[Drawing 3] It is the plasma equipment configuration Fig. of this invention, and the planar structure is shown. 
[Drawing 4] The result measured about the plasma state of the vacuum chamber core of the plasma equipment 
of this invention is shown. 

[Drawing 5] The result of having measured the plasma homogeneity in the vacuum chamber of the plasma 
equipment of this invention is shown. 
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[Drawing 6] The schemati^nagram of the plasma equipment possessiJ^ne function to adjust the phase 
contrast of the RF sent from each of an RF generator is shown. 

[Drawing 7] Change of the plasma consistency in the argon plasma when changing the phase contrast between 
[ each ] RF generators is shown. 

[Drawing 8] The schematic diagram of the plasma equipment at the time of changing an antenna configuration 
is shown. 

[Drawing 9] The schematic diagram of the plasma equipment at the time of changing an antenna configuration 
is shown. 

[Drawing 10] Change of the amplitude of the plasma potential in the case of each antenna configuration and 
floating potential is shown. 
[Description of Notations] 

1 Vacuum Chamber 

2 Gas Installation Pipe 

3 Port for Exhaust Air 

4 Substrate Electrode Holder 

5 Antenna 

6 Impedance Matching Box 

7 RF Generator 

8 Wave Detector 

9 Phase Adjuster 
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* NOTICES * ^ 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DRAWINGS 



[Drawing 1 ] 




[Drawing 2] 
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[Drawing 4] 



http ://www4 . ipdl.ncipi .go jp/cgi-bin/tran_web cgi ejj e 



JP,2004-039719,A [DRAWINGS] 



(A) 



_ 30 
> 

£ 25 
1 20 

I 10 

I 5 



600 



1600 



i 



•vf(l.33Pa) 

Ovf(0.66Pa) 
Avp(1-33Pa) 
Avp(0.56Pa) 



▲ 



2400 3200 
RF power (W) 



4000 



3.0 

5-2.5 

5 2.0' 
I 

| 1.5 

I t -°j 

ui 0.5 



0.0 



800 



1600 



* 

1 



#To(1.33Pa) 
•OTe(0.66Pa) 

ANe<1.33Pa) 
,ANe(0.66Pa) 

■Ni{1.33Pa) 

□Nl{0.66Pa) 



1x10 13 



I 



2 

2* 



1x10 v 



2400 



3200 



4000 



1x10" 



RF 





fDrawing 61 



http://www4.ipdl.ncipi.gojp/cgi-bin/tran_web_cgi_ejje 



JP,2004-039719,A [DRAWINGS] 




[Drawing 7] 





1.6E+12 




1.4E+12 




1.2E+12 




1.0E+12 


m 






8.0E-M1 








6.0E-H1 


K 




»r 


4.0E+11 








2.0E+11 




O.OE+OO 




40 60 80 



100 



*f*a:Ar #*aE:1-33pa RFpowor (13.56MHz) ; 1000W x 4 



[Drawing 81 



http://www4.ipdl.ncipi.go.jp/cgi-bin/tran__web_cgi_ejje 




http://www4.ipdl.ncipi.gojp/cgi-bin/tran_web_cgi_ejje 



JP,2004-039719,A [DRAWINGS] 



180 
160 



5 120 
« 100 

ttf 80 

K 60 
£ 40 
20 
0 



7>ttA T>^^"B T>^"^C 
#X«:Ar #XE:1.33pa RFpower (13.56MHz): 1000W x 4 



Page 6 of 6 



[Translation done.] 



http://www4.ipdl .ncipi . go.jp/cgi-bin/tran_web_cgi_ejj e 6/1 6/2005 



JP 2004-39719 A 2004. 




(19) B*BttSffy (JP) (12) & 13 $f 2* $B(A) (lDffffFIMI&Mft* 

«H2004-39719 

(P2D04-39719A) 
(43)SWB ¥J*16*2J35B(20M.2.5) 



(51) Int. CI. 7 Fl 




t-73-H (»*) 


H01 L 21/205 HOI L 


21/205 


4K030 


C23C 18/907 C23C 


16/507 


5F004 


H01 L 21/3085 HOSH 


1/46 


L 5F045 


H05H 1/48 HOIL 


21/302 1 0 1 C 




SSSS* W 88 *J5«18 9 O L (± 13 H) 


(21) tomWS If JE2002-191829 (P2002-191829) 


(71) ttJJHA 


396020800 


(22) tBJOtB sjzj|jji4^7^ j g (2002. 7. 1) 










HJ3E SfUH Pffi$:BI 4 T 0 1 * 8 ^ 


ItiT&^SO^m 1 ^fflffl^SBW^ 2002?5fl 1 


(71) £JP A 


502237515 


B ***tMfc¥Illtt±JSf7 0 r>r^^;w i>^T 






7-^^ 2002f 5fl^ S4 7§ 95^] f-y|« 




AK^nRBrPWSIHmSS P-50 5 




(71) ffiJBA 


502236437 












mwmfzmititt&mffim*Bj 12-1 






^'M-l/Kfi?BH4 02 




(74) R1A 


100111822 










(72) ?§BJ!# 


H« IEWI 






AHWnKffl7PWSSJiffi8S P-505 









(54) 7?xv3?«, 7?x-?wwxm&w7?xv®mmi* 



(57) [S»] 

[CUB] #3SWfi, r?X-7|Sii;BU, AB^X? 
i*or yft 5 a* 1 XfilSifcoT xft 5 *^ 

[«RB] 1213 




JP 2004-39719 A 2004.2.5 



(•*«!] 



SiJlftJ&ffl;{-J:5 








^ 9 


X 


■v 




fi f- 


*> v> r , 












Z> T v *r -T 




o 


T 




IS B 


& m m #■ t? 


KOI $ nw^^ss 


^ I @ L 








<D 1 / 4 




CO 


* 








X 14 « # CO # fl> 


ft 5 7 V 


t 1 £ . , 






m » rt at 






















y 


x ^ St e 0 


















[ » * * 2 ] 




























m 




^ 9 


X 


■v 




e ic 












ti 


5 HIS* <0 


T > 


T" 


■r 


Sr 


* 2S 


§ Si F*3 tC ^ 


ft , 




itu fe1S$c#co T v 


7" 


-r 


£ , # * ^ 


1 X 




m 




CO T 


^/ t- -y h 


<t ■& M * «5 ^ ^ - 


7* K # , 








2t "f 5 BS 


n « 


* 


m 


£ 


K it 












iz 




BE ^ 








(- JS 


t5 l Xii 




^ ^ - 7° t£ *f Jfc 


L 


X 


8t »* h ti tz 






m 






ffi n & 


*■ & yij tc m & •*■ s 






:/ 


7 


X ^ S B a 



















[ ft * « 3 ] 



Bfr IB iij Jl ft H 


m 


CO * A> 


fe 




e S«r IE i xtt^S^cco 


T >" 7- CO # 


^coi«jiftm^)(4, 


fffi IE K £ 


CO 




It 




l ttcolg^aSfr^J; 








tt 


„ # * . 








1 Xliia^coTVr-t-co^-^ ircoEg 


fit tf* s jg (D 


1 


/ 4 ft 


ft 


CO ft $ 










■r 




2 










[f»#JS 4 ] 
















Hu IS W. * 


T 


v r t © 


# 


* 14 , 




^ nil @ L 4 ^ 


T*^-4SL«^lftcO 1 


/ 4 & ft CO 


ft 














r. <b £ 4# m i 


-r 


5 IS * Jg 


2 


t- is m 








[ » * * 5 ] 
















iufSK M ft « 




CO # * (d 






us m ft * M *> fe 




ti & M a -r 




iiti ffl 


Si 


t » 








iifj IE ffi ti & fcH 


Si 


CO # >«r 




co ^ m 


co|S^(wiK-^5V'>T , 


mi 15 S5 « ft m 


CO =§• X CO ffl *3 17 5. 


i* JH ft co <£ ti 








tetiia 


SSi x. 5 






r. t £ »m t 


't- 




2 










1 1 * * m 6 j 
















X £ * Si 


is 


17 


r 


V T- 


*«x.5i^jiftKm 




*5Cco^7 x ^ m m 



10 



20 



30 



K *5 17 5 =7 X -e ffilj ^1 -ft m IC H V> X , 

SKiXttSf roryf t©^*!^ « ^3 M M (c #t b , 
[ ft * m 7 ] 40 

MIETV^-7"cOBlIfEX^^Sil*l(c:*5t7 5W#:coft$Sr^x5ri:(-<t'3, ^" 7 X « flg & 

sij m T 5 
[ m * m s ] 

WIE^^<oii5Jlftmi!i<o#4r^e 5 tt^-r5iis^ft(ofi:tiSSrlBfi-r'5r tui «? . 7* 9 x 

[ 9 ] 

fi*^lXtt»*^2(C|S«C07 ,, 7X-^^g^fflV^T^^U/ci7 , 7X-v?rffl^T, X « , 
f^*3S6^cf5«co■7°7X-^fiJ^l*&Srffl^^T^^^tLfc7 0 7X■v^lrffl^^T, S ix 50 



( 3 ) JP 2004-39719 A 2004.2.5 



[ % 93 © i¥ IW 4 K W 1 

[ 0 0 0 1 ] 

[ 0 0 0 2 ] 10 

[&&CO&W] 

^ifljf/W^^ifBf^ ^^u^cotSijtlflT-ffiffl^ftS K7^iyf y^il^T y 
7"7XvCVDgt4?07 , 7^v|rffl^fcIIiIffl^SI^V>ttt 1 ifi *F 

co *tt a £ -« co * m it # v , m m m go y ? x as t * p s ^ & m # $ ft x ^ * „ * fc , 

- # -e « , 31 y ^ v ^ u - v *? mm mm , ^^-yfyhsrsfcisi-afc*. ii$tt*«7" 

7Xvffl,||ggftiiSi*JjxtV<5 0 
[ 0 0 0 3] 

SS«^tilSe^7 , 7X'7 (Inductively Coupled Plasma 

, & T I C P i: B& «: ) «r$8££i£a#8!a*«ffl$ft-C^3. I C P lii i L t 7 yf ti 20 

o 

[ 0 0 0 4 ] 

u: * £ * »* ft tf & -f , Jtryft*>6i8JtSft5Sit]fort 1 H £ § f§ <z> ii& ift 
frmmxa^m^mi-%ffi<Dmi l zmft£ti%ffimnR!$,tt<o & u *» & « m ft i- *i ffl $ ft * 

<^ * , S A $ ft 5 iS5 & m co fU ffl a * a* B ^ t l> 5 Fd! JH /4 s *> o „ 
[ 0 0 0 5 ] 30 

trt-, * 38 w # f± , $t t , SiHSiSttia5iie^*s«7'7/?siT-fcot, r 

ainSf ^i^Ltl^ (ftri 2 0 0 1 - 3 5 6 9 7 f&«) , rft(CJ:jXii x 1*1 SB T 

yftj«^5:Ma 9 , r>-7 i ^-^e > iScW$ft5M^«#co^TSr^r^)fijffl-e#5J: 

5t-L, J6»flc©HfB^»35«Srfflv^5f^KS:J5c< Lt^5. IC, S 7 y f t lii; # 
Sffi^ppjp^^stS^SfeWSr^C^-r^^, rvx-^^^Wt-^r iia 9 f@ * co 7 ^ 
7 L -^-co^>-^^^^^$:/h$< U, '>i< i t7yft*)S@L^V^igi LT^5„ 

- ft <£ <9 , »c«S<75®«-^PSJ3J:Vft*fcf6iJISSft5ii:*<, SS«S©*n«7'5 
x £ # 5 r t a* x- # 5 0 

[ 0 0 0 6 ] 40 

[Il^lSftU 5 t -r 5 R JH ] 

* x. i * — h /i* <o ± % & <d jzmm<o&m& . £ v m\<^m , <t t) as ^ h , .t^^ji 

©j*Bltt--C£j£i-5;:i:;as3e:fc3ft5 0 r co 4§ , T' 9 X « {c tt , ±9-JB(S:ffi*T?*> 
[ 0 0 0 7 ] 

[ 0 0 0 8 ] 



( 4 ) JP 2004-39719 A 2004. 2. 5 



( 0 0 0 9 ] 



4 fc , 


* s§ m is 


, ^IfCi7'7 Xv 










X 




X «4 7* 7 


x m m * }£ j; o 


m 




fc7-7X 


-7 & « s & £ t§ #t -r 5 r i 




1- 


5 o 
[ 0 0 


1 0 ] 


















[ b£JH 




-r vfs yr\ a: 


J 


















7 Jht £?J ;J- 

^ 3s He % 


-^r m Oj+r -bfr 

r^j JrI M 


m 


(C 4 






t , m 


il 


St n 




ti6 7 y f 




X 








lei L 4 


T- 


mi® L 


s r n 


Ik W 1 / 


4 ^ fi: CO 


* 


* 4 






Z>T y 7- 


7- 


Sr , IS 




3? 3? 3S F*) U 
















[ 0 0 


i i ] 




















©7*7 X 


iSl fH 13: » 


-fir m -(-/, 

rWi JrI IK 




4 




^^SO/^Xv^ll;^ 


1^ x , it; 




& *7J 






\Jj / X 


i- 


*n 




14 , «*©7>7t 




1 


X »4ft 


ft co T >" 




-r -Vfe ^ 

o fl <£> 




>v — 


7" \z # It 


, ^ /v — y- co # a \nn fc-r 


8 iBi & 


« 


ffi £ IS 


it , 7* J\> 


— ^7" <D ^ 4r 


\k- Jfc T 


m 


%% if 


/W — 7° (C 


m-r z> 1 xi*m$k<o r >- x 


4" CO # * 




£ s£ ^ 


/u — t°\z 


XT u T nk 






m » 


* « e> 


& yj 






[ 0 0 


1 2 ] 


















£ . 


» * L < 


(J > ^ 5b 


/T\ — 3^ ^ —7"" 

CD y V s» 






*3 1^ T 


(4 , ja m. m m co # * % 




1 


X i4ft 






^ CO (^j JrI 






(4 X 35 * 


%g co 0. §B id IS 14 h fi ti 1 tfc 


cO«*t^ 


(* 




* ft 


4Hcr J.U. \^tt l-kr 
> W # W 


^ # * 








(DT V 7- 


T- 


CO # * 


t co SE St 


fWj Jr| fife. C/J 


1 >/ /I 




* CO 


ft * 4 0 








[ 0 0 


1 3 ] 




















if 4 L < 


N ^ 56 Pjj 


W 7 7 ^ 




mm 


ic *5 T 


(4, ^^^cotvxt-co^- 


* (4 * ffi 


^S 






th m m i, t£ 


T ^ 3^ 


L 




i6 © l / 




^ tfc X 14 


IS 




a» b * 


O O 
















[ 0 0 


1 4 ] 


















4 tz . 


S J t < 


^ ^ 56 ^ 








(4 , mm 




it e> ft m & 




Ji iS SI 




O i^] Joj 


& 


ffi m 




m » <o 




7> b (O 


& tti co |£ 




— r— -«* HEl irtr 

X rW] JrI ?k 




JS CO 


& * CO ffl 


(c*5l4SS^&co{4ffi^^ 








« *« x. 


















[ 0 0 


1 5 J 




















▼ 1M » *r & 








\c m (4 h 




K ssc fl; t- 


4 




O 7" 7 X v 


3£ fi 








X (4 ft ft 


(O 


r > ^ 


•r & b * 


5«lcco ^ 


)V — (D 


* 


X Id 




4 5(i^:(4b^fci«^&® 


M CO # 4r 


a^ 


b s 12 


i xiiS»©7yr 


~F (D X 






*r 3£ ?ij {r 






-r 


5 m 






t \c X *) 


X 










0 


l 0 0 


1 6 ] 




















» * L < 


14 . * 38 0^ 


CO 7 X 


•v 




io m i- *5 


V^TI4, 7 Vft©X^§ 


$ (*3 id *J 


it 




co * $ £• 


X x 5 r. i 
















[ 0 0 


1 7 ] 




















m * l < 


(4 , * |g BJ 


© 7" 7 X 


■v 


U ffl 


* & (- *i 


^ t 14 . ft ft co « ja & mai 


CO # 7)> 


b 




5 H5 Sc 


co t@ s * 


5 




t t- 


4 9 , 7° 


7XvtiS:M«t5o 






[ 0 0 


1 8 ] 




















CO 7° 7 X 




(4 , hu 3zE 


CO 


4 o 


4/7X 




7 X -V £ 




<^ X . 


X ii , Su 


ii © i 9 4 


/7 Xv 


M 


ffl * 


jfe Sr ffl 




r , IK 


a* 






s/ f- > ^ 7JD 


x as is $ 


tit ^ 










I 0 0 


1 9 ] 


















[ m w 


co H co 


















i 1 75 


M HI 3 14 


. -7 7 


as e « fi£ m -c 


0,11 


14 # 3§ Sfl CO 7° 7 x as e «0 


lrl©i 





10 



20 



30 



40 



50 



( 5 ) JP 2004-39719 A 2004.2.5 



[ 0 0 2 0 ] 

*mW<D7ry X-rmUte. B3l:StJ:5K, ¥ BB ^ #t * J6 » ( * * » ) Jt 3S > 
- (XaS»XI4^ot^fx>/<-) 1 £ ffi 6 0 0*J A. « . Sf/^Si2^9 1 Omm ( 
; t? , M 52 ri* 7 8 0mm T* S> 5 „ ft *5 , JS $ li 3 6 6 m m t fc 0 , X £ ^ 

v - i is a: * # -c *> 5 o 

[ 0 0 2 1 ] 

SS^^^^ — ltf>fiiJIil2<£>#*<fc9. 13 l XtfS 3 J: 5 I- , agA^y^v^Sl 

^U, 7yrt S^ftffiCiALTl^o J6»^*ffifir^^— 1 <D 2 r> <D & m ti* h 10 
4*. 2o(7)@i22 7!)^ib3*: > ff "C 1 4 *^)7 y f t 5 iSfA J Ji5, 7 y T t 5 (C jo ^ 
Kffl^^rv^ — i<Z)rt«|$-CKffijc:iBSixS«|S^tt, » »c H * tt b ft v^s , Si S £• 

^^frX'^ffi^iX^o r<P«it;Rtf*feS#^f;iol>TJ*, 4#^ 2 0 0 1 - 3 5 6 9 7 # 
[ 0 0 2 2 ] 

*^(D7yrt5|j:, l3C/^tJ:3i:, tE 7# # w$ ftfe ^ iMi U$«) t* *> o 
<Oft£J:9fcffiV>iR2RXtt«;K<0* A EI L-ft 

mmmmj£<Dm±&ttimirz>^k&x-%?> 0 * t , a»wja«oi/ 4&g^e£<j;i9 20 

[ 0 0 2 3 ] 

* fc , ^9X^84 ( a fi ) ffl^^J^S (RF) m ft 7 tt , i3(:*t<J;5(^ X £ ^ 

y^ - 1 oii 1 2ft ( a & ) 1 k «■ & ti . ^ttt4-&g(t?>ft5 0 n ja s a as 7 o 
ttit)irZ)mm%i?>m®i%nz. pus 1 3. 5 6mhzt-$>5o ©iiiH8i«7^5), 

& ® ^ ( « SE ) £: , t?IC««t5o r. co , ^^t°-^v;*g^:§g6;^ib<!§*<£>T 
[ 0 0 2 4 ] 

r <d 4?) k % m 2 d * -f i 5 , BJItiS7 ^^istsr vrt 5 t (oisicii, + # 

{ditS(Dje^l*Sc(7>^^0«t^«^5 2SrfflV>-5o S*t»#5 2 11, X ffl ^ * ^ ^ - 

1 2 icfi 5 J: 5 KKlt &Ji, #J tf ^ « rt> b ft 4 0 fi«i|ft5 2^)fiWfj:, 4 y 
t 6 -yy^S^^6^f)(OilJiiS^i^i#7yft5 ( « f} ft m & ) t <d$&M (I2(: 

#C ft: 5 2©fiW|j:l 1 0 m m *> 0 , S £ ( ffi W i S B © * fp) ) tit g 52 1M T* 8 5 Omm 
, AS 522 filj -C 6 5 0 m m fc £ „ 
[ 0 0 2 5 ] 

ftjo, H2U:*5V*T, TV^^5<7)-^ (A*») XtfteM (»*) Sr. SA-eSt. mi 40 

7y^t5©A**i»»i«)EI|j:i 5 0mmf fct), (P^iTST^^^ScDSEPitei 
0 0 m m ~C fo <5 0 
[ 0 0 2 6 ] 

4^©7Vrt 5(0-8 ( A f} m ) , r<0± 5 fci*fl*««7 ^ & * s «t» 

£*l5 0 #*<£>T>-^-?- 5 ( ft AH ) , « x. tf , K £ ^ -r >- — 1 ftij S l 2^^ 

$c £ *l £ 0 2x fc £ 9 , KSf ^ - l ©«i l 2 ligffij titi^(Ot\ ©7 y 

rt 5 (^flkffl^SifiStiSo ft*3, T ^ ^ 5 cd A ^ * ftUc . ft ^ & » iB ( 7 n - 7- > 
V if ) ^-^5@^Xfl^T^^^n ^y^nyfyf ( #J * tf , 4 0 0 p F <D&m^&) 



JP 2004-39719 A 2004.2.5 



[ 0 0 2 7 ] 

ft&> « « * r > ^ li^ot'-^y^i^se, i"Woiti8ii7 ( a t>* 

UlClB^tia-y htRlttV^S, L rt> U , r tt pg <b jft, 5 r £ ft < s 0ij x. tf , II 
[ 0 0 2 8 ] 

K £ ^ — lcoTS5«cfi. I l 5 X £ + ^ — 1 F^<£>#M£fT3^<£> 

m^mtf~-h3k&fcmmm(D\i-? ( ei * * -r ) ^ a & * n fc s « * ^ - 4 # r 

■C*S«oi61i:lLfc#l«)^7^f y^Xtt^J^^b^S, ^ISi 2 0 ± M , 
[ 0 0 2 9 ] 

X 7 X <7) £ te. #«JB#-h3*»fcBfJe*>JI«Stf 1 X 1 0 " 4 P a ) 4 -C 

«Sf + ^^^A^-r^2^b@W(-i^i:fc^^Sr*^^^v^ 
- 1 I: i A I , -^co^, **«Jft««7^fe#r^^-^5^jlS«jft«ASr«tilftU, X 9 X 

m 2 0 0 1-3 5 6 9 7 ffi«|:SL^ 0 
[ 0 0 3 0 ] 

12 4 I* , I 1 J!fS@ 3 O^yX^giC^^t, T JV =T ^ ( A r ) ^7X7 ( A r Xf gfc 

* : 50c cm, Xf * EE : 1. 33Pa) £r £ L , K^f t - 1 ^) f 'tflJ ( 0»J 
X. fi . 3^ tR ( ^ # ) 1 1 Orti^bffitTl^l 6 OmnKOfil) (O / 7 X> ^ 1 i: o ^ 

^^^^^-l{CiS^fc,ttTV>^*A^9^^ ( 12**1") 5:ffl^t#AL, X 7 X 
Ml «: f + SH L fc o 
[ 0 0 3 1 ] 

HI 4 (A) \Z *S ^ T , ittfi/7XvlfiV p ( * ; A* J> ; V ) S t)? 7 n - 7 ^ ^ Ifi 30 
Vf (V) -C fc !> , SttfiSSSl^R F p o w e r (17 ; W ) 5 Q 04 ( 

a) * $ ix 5 «fc 5 * 7 , 5X-7tfl:v p sr/7P-r ^ y^lfiv f (4, t is *r -r 

5 CSA LfciSHSt^R F power <D it K /£ C T M '> fg ft 5r * 0 HI 4 (B) frC 

^ t > «itt^7Xv>fty««N i St/lf?ESNe (cm" 1 ) Rtft^fiS 
Te (eV) -C fc 9 , 1 A R F p o w e r (W) 5 0 04 (B) 

* J tl S i 5 l: , /7Xv^ tVf gN i Xt^S^-ffl^Ne (4, ^ISljjRF p o 
we r Cft#Lti|int§«^^IbtlSo 

[ 0 0 3 2 ] 

r © J: 3 , *»o«HL4^7yf t 5 i:4Mi»K«*t*ft««t4r ii: t 9 , # 
f(7)7 P 7Xv7 p nt^(ClLfciiS«K^<g:7 P 7X-7lfio/7X-7^4^t§r i: ^ s "C ^ 40 

[ 0 0 3 3 ] 

rt ( <z> 0ij 7L tf ^ c i i © rt k a> & t& a r m - 1 9 5 m m <d fs g > ^yyxv^-tt^n-i 
L Mr * «: * -r o 

[ 0 0 3 4 ] 

7 P 7X-7^-ft|j:, 5 V X * ^ T X p - X ft -C # fc -Y * V IS ?P ® ft ( M A / c m 2 

) i:t»«Lfco >f t^ttfPtit**!!^ *^ft«^«at5«[-efc5o 8 5 14, J6 « <0 
X £ ^ v< - 1 £ 12 3 <7) J; 5 I- a I: it 5 / 7 Xv ^ t y fflfp ti^ S S: * t 

o ft *5 N 12 5 K *5 ^ T , A2T. • • A, B, • • • ? (4 7 P 7 X v (O f ^ 50 



JP 2004-39719 A 2004.2.5 



[0 0 3 5 ] 

115 (A) K , KS^^>^-l(D#«ffil2^ElB**t^:i««S[ ( R F ) 117 A, 
7 B N 7 CStf7D^#^^t)l^-^il^i([I^ 1 0 0 OWf o5:SALf:i^i:^t^ 

, -r^v^fpm«ffi«*^^Sr^-r 0 05 (a) -c « , 3*^ryrt s^st ^ti^s^ 
* co ffi A, tff ) »*i4ot^i:i#«i, 

[ 0 0 3 6 ] 

- , El 5 (B) TMi4*^ryft5^|at^^f c i|j|i£if > 7ASO t 7C?!i^gAt 
3ffiJI3i£®^£l 3 0 0W, 3*©ryft5#ElSttfci»iH«[«Jl7BXtf7D^E) 10 

5 ( B ) *C > ft lc L fc H 5 ( A ) Jt ^ , ««**©5>*tt^fc<fc5, X £ ^ >- 
/<-i ©»ttl:«|HLtg«tt©*S»*iftot^5:i*fl5, tit, ^ y y K A 

[ 0 0 3 7 ] 

:^)J; tS^^s/ hfii:S8At5iSBKt*S:iIt5:i: l:«t 9, 7°7 Xv<Z)j^ 

^t^c 20 

[ 0 0 3 8 ] 

HI 6 13 , 0 1 BSS 3 W^7Xvgf CfcVNt, M i£ x = y hSCKifiliK 7 
[ 0 0 3 9 ] 

0 6 ic ^ r ^ x ij£ m -e , &W£^^>/<— i c^> ffio s i 2 ciat ifc^ y t°-^y^ 
■E**60#4rOlH*«fcJj[JB*ffl» < X Ht ffi *H « Hi « ) 8^i3Mtb*L5 0 tt » 4ft fcH « 8 
tt , rvx^5^#fe^$n5ffijl&^^^Sr|SSNP^^^^. *<a«?J5«#S:ffitB»ISE»9 

ffl $Mf £ i£ 3 0 «ittJ*ix5tt«IStt, fl5fflSE««7AS:Sit&i:Lfci§£^ iC A tt * tH 30 
7 Atil5H8t»7 B^ffifiS, *B»tiB7 B t»«8«JB7 Cioffifll, ffi S6 « 1 
7CtHttl7DOfiftiTfc5, tit, #i«5«»E«SR7tt, # * <D 4fc ffl ©J ft \t # 

[ 0 0 4 0 ] 

HI 7 , H 6 ©^7Xv§ii:j3^t, WJBtt««7<B#*<0RI<0ffifflS£&*ffcS*fcl* 
07/My/7X-7 (^/^^*: 50c cm, # * JE : 1. 3 3 P a N RFpower 
= 1 000WX4 = 4000W) ^5 (t 5 ^ 7 X> « g (7) ^ f 0 

[ 0 0 4 1 ] 

B7fc*31^T, KE(Hlll^7Xv©tf *«N e (cm" 3 ) tfcj, *ttf±iKjai£tf>{iffl 40 
H (° ) T* 5 0 ft *3 , ffiffii^ 9 0° tl tf % *«»1»7 ASrSflli Lfc»^, * 

18117 At 7 B^ffitiS, i^)liSIS7 B t 7 C^fifti, (DIK1S7CMDO 
fit *B H ( ft£ o T , KH8SK 7 D t 7 AOfifti) & , * , 9 0° "C fc 5 0 El 7 tf; £ 
^ J: 9 C , #ffiS£*{t£-e:5r£fc:j:9, ^ 5 i Jn t 5 r t tfW 5 . ^ ^ 

tt , # S <D T V x -J- 5 ffl (7) & ffi m & ± t < ft 5 r t K X <0 , #S5jg&ra^^F*dS^ftv^^!i 
*ft< ^7X-7^t*#«»Sh5r itfiHtS fc*tbii5. * tz , K £ ^ ^ >- - 

1 # ftij |i i 2 co fm O ffi ft & T ti T 5 r £ «fc «9 , # fflij St l 2i:felt57yrt 5fflt* 
o«-T-JPii*ftC64:a»*.feix, ^ <£> jp: , / 7 Jo f 5 i # i b ft 5. ^ L 

t > t y^ - i ^)»^, #^co^si 2 «c is: «* 7t 4 m <o m m & s as <£> na co & 

ffl 2S tt 9 o ° i^t#ie>ii5o 2 i:«it57V7t 5Pfli:fc 50 



( 8 ) JP 2004-39719 A 2004.2.5 

tt 5 si m m « r v x tffc »«-^T^x^5[Wffi«, # * ie ^V ;< ^ + ^^-1^*^ 

[ 0 0 4 2 ] 

1 8 S i 9 ii , DlTI/Iia^^^XyglCjo^t, T>^^5?>^tK (K^^^>- 

"To ft *S , H8StfH9i:«^t, IH^Ofl!S:± > 4 5:f IS & 31 S ft: 2 
0 Sr & & "C * f o 
[ 0 0 4 3 ] 

08 (A) f* , 7yft5^#I^f 2^b#^3*U<li4*, 10 

4 $SA LtWtfcS (017!/I03(:ffl3) „ * , 08 (B) I* , T ^ T i~ 

5^»g^ftV^- 1 <7) IfUJ 11 1 2#ft<£>;S££;B:< L/-cT>-^^5*ftiJ|gl 2 (E> # * rt> k 

2 * , -&^8**AUfc^J-C&5o H 9 tt , JC, Jf £ ^ >- ^ 1 tfMI'J M 1 2 # ft 

[ 0 0 4 4 ] 

B 1 0 11, §8Sr/i9£0#^OryTt5(7)i)R^S^^^V^T, A r :/ 9 X -v ( # * 20 
}ft fi : 5 0 c c m , Xf JE : 1. 3 3 P a , RFpower =1000X4 = 4000 

w> £ ± & l m -a* i- # it s , ^^x^m{i^t> + ^u--^^v^m{ioig*i ( r « :/ 9 

[ 0 0 4 5 ] 

II Ol:fc^t, Ittfi^yX^tfaS^^ D-r -< y^t&^fii (V) "C 9 , « tt 
(i7yft»tttjb5o ft & . r>'7 i -t^t^(cjov>T, r y r t a d i 8 (a) cor yf 

t* ^ tfc T* fo 9 , 7yftBlj:g|8 (B) (07 yrtKttt'fc 9 , 7yrtC(ii9^7y 
rtltt'$)5o I 1 OT'li, 7yrt50SSf - 1 Will 1 2*(^(Ol^* 

[ 0 0 4 6 ] 

r. <d X 0 ft T y^t 5 f t^c n # 5 ^7 X v ^ § f ft fi , r v t- 5 S $ <d m Dw \z # ^ 
ryft 5©^ yy^^y^^ifliL, t»t LfcBlcr y f t 5 t»4t 5 

< 4ofci i: tfiHtSittbtt, * <o m * . ^^X^mffi^^n-^^v 
^«{fc^««a**£<ftofc£#;i&;h,5 0 «Hc r>-^^c ( H 9 ) oj:5ftr^^-^ 
5io»«l:»o^7X7S|fi, :/9X^ttffi:d s *:#<ft»9, ^n—x-r^^fttteoSiIl 
* * # < ft 5 . r. <d tz , ^7X-7^pt^f©>ftyy^-y^!g^Six5^, — * , 

[ 0 0 4 7 ] 
[ 0 0 4 8 ] 

* 2S ^ -y > '< - 1 <r> ¥ BS « tt , J6 # t? tt ft < , Rltfcottct^o - 4§ ^ 

, ssfc^corvr-j-sti, # * , n f x ^ f t y ^ - 1 (7) ^ j: 9 ^ ^ ^ iwj ^ n ^ n ^ 

[ 0 0 4 9 ] 50 



( 9 ) JP 2004-39719 A 2004.2.5 



II \z s M M ife 




M 7 & i t! 


pt it 5 i 5 




U T 








■y 






T «fc +8 


3 


6 


0 


° f 5 




MS ft ffi f@ £ 


f bti5 






* 


L T 




cfc 








3 6 0 ( 


o 


) 


CO 


*^ 3£ ( « *. tf 




2 ~ 6 , 8 


— 1 0 s 1 


2 


) 




fc ft 


li 


cfc 
















[ 0 0 5 0 ] 


































* s Wl %t * 


CD 


T V 7^ 5 


tt H X ^ ^ 


•r 






— 1 




fly 




1 




r ft id jd 


X. 


T 


m 


£ ^ -V > — 


1 


W^fi 1 1 








0 




T 




<t 






K l l ^ 






l m * * <^ 


r 


v x -r 5 






« 


m 


7 it 




1 






ft « ft IB R it b 


ft 3 O 








[ 0 0 5 1 ] 


































£ fc , EI l 7b 




m 3 N 0 6 


<n =7 x 




a 






T 








ft y/< - l © 


Nti 2 


CO 




at 


[C » o T T 












# 


It 5 










4 at # 3§ * # a 


* H M -t 


5 




t 10 


t i o T , ^ 


y 


x % m <n 








ft 


± * 


* 


5 




t 













[ 0 0 5 2 ] 

I 36 91 <o «b * ] 



Wis 


0§ 




0 


K 






93 


(c 




. 7° 


•7 


X 


-7 


s 


e 




Jo l/ 1 " 


T 






X t- 












JS & o 


l 


/ 




4 & 


ft 


(75 


s $ «t 


•9 t 


m 


< 


L 


T 




5 


co r* 




r v 












& * n 






T 






& fit 


JE 


CO 


Sr 


» *J 


L 










3: 


ft & 








(55 v> 




7 


X 




a 




5 




t 


& 68 


it 


L 




ft ^ 


7 


X 






# 


5 


r t 






5 


o 









[ 0 0 5 3 ] 

S fc , * ^ K <t ft tf , ^9X^SR«|CJ3V^"C, IS^^y hSI-Rltfci«fflj6««^e> 
[ 0 0 5 4 ] 



4 








J: Jx , 


7" 7 X 








iC 




r , m w. 3- — 7 




K It 


fc ffl tt m « 










*r S m co 


r > 7 


7" 




id 






M fp -r * co -e , 


SG S S 




7° 7 X « {4 


CO 7° 


7 


X -v £ 


(5 


(S *D - 




5 r 


t 




* 


5 . 











[ 0 0 5 5 ] 











« 


. 7° 


7 X 






(' 


Jo 




CO 


£ 5 


ft 


7° 


7 


X7g 


S X 


fi 


7° 7 


X -v 


«y » * js 






T 






7° 7 






T 






£ Jx 


X 


it 








X 






T vi 5 © 


r* 




ix 


*• ffl 






IC S & 


ft 


« * 


W ^14 *• 


# 


5 i 


t 




T- 


t 6 o 









I m ffi co in ft is 0j ] 30 
[mi] *is^co7'7x-^^g*^iiiT'fo!j, ^<o»T®«5t^^-r„ 

[03] *j8w«5^7Xv8i*«ht?*> u , ^ow-mmm&^i-* 

[HI 5 ] $I^©/7XviI©S^f t V^-rtW7'7X-T*&-t£Sr£|-SiJ l jfc * S: s% 
"To 

x-^^gw«tB&iii§:^-r = 

[El 7] W^&®Mw#^rop B 1(7){jiffi^^^^$^fc^ror^^>7 0 7 X^ 40 

[08 ] 7>-77-^^^^{t:§-yr/c^co7 0 7 X-7igeco«tB&lll^^i- < , 
[09 ] 7yfti«^f<k$tfci©7 , 7Xvif©«»&I^ / Tto 

[0 1 0] tnfHO7yrtitrol^lCfelt57"7XvHiS0!7a-T-<y^lfi 
<ogi|>Ico^{t;£;^1- 0 
[ fiF * co ft 0J ] 

1 K35^^r^/^ — 

2 if^iA'WT' 

3 £t ft ffl # - h 

4 ^ W. * ^ y — 50 



(10) JP 2004-39719 A 2004.2.5 



5 T > T -r 

6 -r > t° — ^ v ^ 

7 is m & * as 

8 m m a t§ 

9 & t@ m « m 




[07] 




40 60 80 100 

**^»:Ar **^ff:1.33pa RFpower (13.56MHz) : 1000W x 4 



( 12 ) 

[18] 



JP 2004-39719 A 2004.2.5 



(A) 



6 7 




LrLrurur rf i 



'::x. ^ 




(B) 



7 6 
6 7 



6— 



20 * 



✓12 



7 6 



[ H 9 ] 



[ m i o ] 



6 7 




20 























it 

















12 



7 6 




160 
160 
| 140 
0 120 
taj 100 
V 80 
£ 60 
Tn 40 
20 
0 



4^ 



77 



7V?tA TVftB T>^+C 
#A«:Ar #Xff:1.33pa RFpower (13.56Mrtt> : 1000W x 4 



( 13 ) JP 2004-39719 A 2004.2.5 



(72)3B9§# yx^p mm 

msii?** eh^^st 12-1 402 
(72) Kwm ffw] ^»j§ 

*»***artTWBKt&flBT2-4 5 ^ 2 0 2 

(72)3BW* flijfil »— 

^IK/ftKBm/hlHRJK 3-11-15-245 
F* — 4K030 FA04 KA15 KA30 KA47 

5F004 BA20 BB32 BD01 BD04 CA03 
5F045 AA08 DP04 EH02 EH04 EH11 EH19 



This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 

BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of the original 
documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked: 

□ BLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SD3ES 
□^FADED TEXT OR DRAWING 
□(Iblurred OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

□ LINES OR MARKS ON ORIGINAL DOCUMENT 

□ REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



